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Environmental Familiarization in Rats:  
Differential Effects of Acute and  
Chronic Nicotine  
 
Rick A. Bevins, Jana Koznarova, and Tracy J. Armiger  
Department of Psychology, University of Nebraska-Lincoln, Lincoln, Nebraska 68588-0308 
_________________________________________________________ 
 
If an environment is familiar, rats will interact more with a novel object than if the 
environment is unfamiliar. In two experiments we used this behavioral tendency to 
assess the effects of nicotine on environmental familiarization (i.e., an elevated plat-
form). As expected, rats given 2 min of exposure to the platform on 2 consecutive 
days (familiarization phase) interacted more with a novel object in a subsequent test 
than rats that had not experienced the platform until the test day. During the famili-
arization phase acute pretreatment with nicotine (0.6 and 1.8 mg/kg, subcutaneous) 
10 min before platform exposure interfered with familiarization processes, as meas-
ured by object interaction on the drug-free test day. Behavioral measures of activity 
(e.g., turning and midline crosses) eliminated an account based on nicotine-induced 
motor impairment. Furthermore, this effect of acute nicotine on familiarization was 
not due to nonspecific effects of nicotine. Controls that received equivalent nicotine 
exposure temporally separated from platform exposure interacted more with the 
novel object than similarly treated controls that were unfamiliar with the platform on 
the test day. Interestingly, rats treated once daily with 0.6 mg/kg nicotine for 14 days 
before the familiarization phase (chronic condition) did not show a decrease in envi-
ronmental familiarity. This dissociation extends a growing literature finding that the 
behavioral and neurobiological effects of nicotine differ, in part, after acute and 
chronic exposure. Indeed, acute nicotine (0.2, 0.6, and 1.2 mg/kg) in the present re-
port consistently decreased the amount of time spent with one paw on the edge of 
the platform; chronic nicotine did not affect this behavior.  
Key Words: acetylcholine; activity; cholinergic; habituation; learning; memory; 
nicotinic.  
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INTRODUCTION  
 
Much of the neurobiological research on learning and memory has used animal models that in-
volve explicitly programmed contingencies between stimuli (Pavlovian conditioning) or between 
behavior and stimuli (operant conditioning). Examples include eyeblink conditioning (Gould & 
Steinmetz, 1996), fear conditioning (LeDoux, 1998), the radial arm maze (Levin et al., 1996), the 
delayed matching-to-sample task (Buccafusco et al., 1995), and drug self-administration (Goeders 
& Guerin, 1996). Interestingly, embedded within each of these preparations is a learning phe-
nomenon that has not received as much empirical attention-environmental familiarization. Envi-
ronmental familiarization is often evidenced by changes in behavior with repeated experiences 
with an environment. These behavioral changes presumably require neural storage of the stimulus 
elements/features that compose the environment [see Kimble (1961) for a detailed discussion of 
the definition of learning].  
Numerous laboratories have shown that rats display a decrease in general activity with contin-
ued exposure to an environment (Aloisi et al., 1997; Bindra & Spinner, 1958; Glickman & Hartz, 
1964; Mason et al., 1998; Montgomery, 1953). In a classic study, Montgomery (1953) found that 
rats in an H-shaped maze decreased the number of quadrants visited with repeated exposure to the 
maze. This decrease in activity was thought to reflect the degree of environmental familiarity. In-
terestingly, when one feature of the H maze was systematically manipulated (i.e., shade of maze 
walls), the number of quadrants visited increased as the difference between the shade of the famil-
iar maze (e.g., black) differed from a similarly constructed testing maze (e.g., white or gray).  
Behavioral changes induced by an unfamiliar environment in rats have clear neurochemical cor-
relates. The GABAergic, dopaminergic, noradrenergic, and cholinergic systems have been impli-
cated in the processes that mediate reactivity to unfamiliar environments (Aloisi et al., 1997; Cec-
carelli et al., 1999; Dalley & Stanford, 1995; Feenstra et al., 1995; Gruen et al., 1996; Hooks & 
Kalivas, 1995; Rebec et al., 1997). Of main interest in the present report is the role of the cho-
linergic system in environmental familiarization. Using in vivo microdialysis, Aloisi et al. (1997) 
found that acetylcholine (ACh) levels in the hippocampus of rats increased above baseline when 
the rats were placed into a novel environment. Importantly, as various behavioral measures like 
rearing and line crossing decreased (i.e., indices of familiarization) so did hippocampal ACh lev-
els. This result suggests a role for ACh and the hippocampus in learning processes required for 
environmental familiarization (see also Ceccarelli et al., 1999, and Thiel et al., 1998). Consistent 
with this suggestion is the substantial literature showing the importance of acetylcholine and the 
hippocampus in learning and memory (e.g., Kim & Levin, 1996; Levin & Simon, 1998; 
McNaughton & Morris, 1987; Ohno et al., 1993).  
In the present series of experiments we had several goals. One goal was to determine the feasi-
bility of using a measure of environmental familiarization that took advantage of a rat's tendency 
to differentially interact with a novel object depending on the degree of familiarity with the envi-
ronment (Experiments 1 and 2). The procedures were based, in part, on an experiment conducted 
by Sheldon (1969). In that experiment she used a Y-maze apparatus that allowed rats to choose 
between an arm that contained a familiar object and an arm that contained a novel object. When 
the environment was unfamiliar, rats went to the arm containing the familiar object. However, as  
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the Y maze became more familiar on subsequent trials, rats increasingly chose the arm containing 
the novel object. We simplified the procedure by only introducing a novel object into an environ-
ment after rats were allowed to briefly explore the environment. Presumably, rats less familiar 
with the environment should interact less with the introduced object. A second goal was to deter-
mine whether acute treatment with the nicotinic ACh receptor agonist nicotine would alter envi-
ronmental familiarization and to determine whether this effect was dose dependent (Experiment 
1). Depending on the nature of the task, researchers have found enhancement, retardation, or no 
effect of nicotine on learning and memory (Dunnett & Martel, 1990; Levin et al., 1997; see Levin 
& Simon, 1998, for a review). Finally, we compared the alteration of environmental familiariza-
tion induced by acute nicotine treatment to that of chronic nicotine treatment (Experiment 2). 
There is some evidence indicating that the neural substrates that mediate the initial effects of nico-
tine differ, in part, from the processes that mediate the chronic effects of nicotine (e.g., Nisell et 
al., 1997; Stolerman et al., 1995).  
 
 
EXPERIMENT 1  
Method  
Animals  
The animals were 44 naive male Sprague-Dawley rats (mean, 360 g) from a breeding colony at 
the University of Nebraska. They were housed separately in plastic tubs lined with wood chip 
bedding in a colony on a 12-h light:dark cycle. Experiments were conducted during the light por-
tion of the cycle. Rats had free access to food and water in the home cages and were handled at 
least 1 min per day for 3 days before the start of the experiment.  
 
Drugs  
(- )-Nicotine-di-D-tartrate (Research Biochemicals Int., Natick, MA) was mixed in saline (0.9% 
NaCl) and then brought to a pH of 7.0 ± 0.2 with a dilute sodium hydroxide solution. Injections 
were subcutaneous (sc) at a volume of 1 m1Jkg. Nicotine doses were based on the salt form of the 
drug.  
 
Apparatus  
The environment was an elevated stainless steel platform 88.5 cm long and 30 cm wide with a 
4.4-cm lip around its entire edge. The platform was 125 cm off the floor and was located approxi-
mately in the center of a room separate from the colony. Fluorescent ceiling lights provided gen-
eral illumination and a white noise generator masked external sounds. The novel object was a 
peach-shaded paint roller (7.5 cm long, 4 cm in diameter) attached to a green plastic scouring pad 
(9 cm diameter). All sessions were videotaped for later observations (see Behavioral Measures). 
Three lines were marked on the platform floor to aid in conducting the experiment and the later 
observations. One line bisected the platform into equal halves (i.e., midline). The two remaining 
lines were drawn 10.5 cm from each end of the platform (i.e., placement areas). These lines were 
used to guide placement of the rat and the novel object.  
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Procedure  
On Days 1 and 2, rats received a sc saline injection or one of three doses of nicotine (0.2, 0.6, or 
1.8 mg/kg) 10 min before each daily p1acem~nt on the elevated platform. After 2 min on the plat-
form, each rat was returned to the home cage. A fifth set of rats (Group Unfamiliar) was not ex-
posed to the platform on Days 1 and 2. Rather, this group received a daily injection of saline in the 
home cage. On the test day (Day 3), all rats received a sc injection of saline 10 min before place-
ment on the platform for 2 min. Located on the opposite end of the platform (in the center of the 
placement area) was the novel object. This test was the first time Group Unfamiliar had been on 
the platform. Thus, Group Unfamiliar provides a benchmark by which to determine whether nico-
tine treatment on the first 2 days altered environmental familiarization. We implemented several 
procedures designed to minimize the influence of odors on the platform. The end of the platform 
on which rats were placed was balanced as much as the sample size allowed (n = 8-10 per group). 
Moreover, at the start of each day a rat not included in the experiment was allowed to explore the 
elevated platform for at least 2 min. Finally, the tray was wiped clean with a wet sponge and then 
dried after each rat.  
 
Behavioral Measures  
For the familiarization and test days, an observer naive to the group assignments of the rats 
scored the time contacting platform edge, number of midline crosses, and number of 90° turns for 
each rat. Edge contact was defined as any time at least one paw contacted the raised edge of the 
platform. A midline cross was scored each time a rat's two front paws crossed the line that bi-
sected the platform. A 90° turn was scored each time the rat's nose moved 90° from its placement 
position. Each rat was placed on the platform with its side against the placement area edge and 
nose facing either west or east (i.e., parallel to the narrower portion of the platform). Thus, move-
ment that resulted in the nose pointing from the east to the north (parallel to the long portion of the 
platform) was scored as one turn. If the nose shifted from the east to the west, that movement was 
scored as two turns. We developed this measure in response to Brudzynski and Krol's (1997) data 
indicating that turning behavior may serve as a more sensitive measure of familiarization than line 
crosses. However, King's (1999) operational definition of turning more closely fit our definition. 
In that report, there was no systematic change in turning when it was employed as a measure of 
exploration on an elevated plus maze.  
Time spent interacting with the novel object was scored on the test day. Object interaction was 
defined as any "directed" contact with the object. Directed contacts mostly include use of the front 
paws and/or nose. This definition excludes such accidental contacts as backing into the object or 
brushing against the object with the side (cf. Besheer et al., 1999; Bevins et al., 1997). A second 
individual naive to the rats' group assignment assessed reliability of the primary rater. This secon-
dary rater scored each behavior for 43 of the rats during the test. The correlation between the two 
observers was high for each behavior: crosses (r = .96), turning (r = .83), edge contact (r = .93), 
and object interaction (r = .97).  
 
Data Analyses  
For each rat, an average of each dependent measure was obtained for the familiarization phase 
(Days 1 and 2). Kruskal- Wallis tests were used for overall analyses of each dependent measure  
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during familiarization and testing. If there was a statistically significant main effect, pairwise 
Mann-Whitney tests were used to compare the control to each experimental group. Statistical sig-
nificance was set at a two-tailed α of 0.05 for all tests. Nonparametric statistics were employed 
because of the small sample size and the violation of heterogeneity of variance assumed by para-
metric statistics.  
Results and Discussion  
Figure l A shows the median number of midline crosses for each group during the familiariza-
tion phase. There was a significant main effect of group, H(3) = 11.34, p = .01. Subsequent pair-
wise comparisons between saline-treated animals and each dose of nicotine revealed significantly 
fewer midline crosses in rats treated with the 1.8 mg/kg dose of nicotine, U = 6, p = .0025. Figure 
IB shows the number of 90° turns for each group. Acute nicotine treatment did not alter turning, 
H(3) = 4.31, P = .2303. Figure l C shows the time spent contacting the platform edge. There was a 
significant group effect, H(3) = 18.57, p = .0003. Relative to the saline-treated control group, all 
doses of nicotine decreased the time rats spent on the outer edge of the environment, Us ≤ 12, ps < 
.038.  
Figures 2A-2D show for each group the results of the drug-free test. Groups did not differ statis-
tically on midline crosses, H(4) = 8.93, p = .0629, number of turns, H(4) = 3.31, p = .5071, or time 
contacting platform edge, H(4) = 8. 31, p = .081. In contrast, the overall Kruskal-Wallis test on 
object interaction time was significant, H(4) = 10.93, p = .0273. As expected, rats that had not 
previously experienced the platform (Group Unfamiliar) interacted less with the novel object than 
saline-treated controls that had experienced the platform on two previous occasions, U = 14, p = 
.036. Rats previously treated with the low dose of nicotine (0.2 mg/kg) during environmental pre-
exposure also spent more time interacting with the novel object than Group Unfamiliar, U = 12, p 
= .0206. As measured by object interaction, acute treatment with the two higher doses of nicotine 
interfered with environmental familiarization. These two groups (0.6 and 1.8 mg/kg) were not 
statistically different from Group Unfamiliar, Us 2 ≥ 21.  
 
EXPERIMENT 2  
In Experiment 1 we found that acute treatment with nicotine (initial two exposures) interfered 
with environmental familiarization. In Experiment 2 we sought to replicate the effects of acute 
nicotine (0.6 mg/kg) and to determine whether chronic nicotine had a similar effect on the proc-
esses involved in environmental familiarization. Moreover, the control groups in Experiment 1 
were not treated with nicotine. Thus, any effect in nicotine-treated rats on the test day may be at-
tributable to nonspecific effects of simply receiving nicotine rather than more specific alteration of 
familiarization. Another goal of Experiment 2 was to assess this possibility by employing controls 
(acute and chronic) that were equally exposed to nicotine, but in a manner that kept the exposure 
to the environment temporally separated from nicotine.  
 
Methods  
 
Animals and Apparatus  
The animals were 50 naive male Sprague-Dawley rats (mean, 341 g) from Harlan Industries (Indi-
anapolis, IN) or the University of Nebraska breeding colony. Housing, care, and apparatus were  
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unchanged. (- )-Nicotine tartrate (Sigma Chemical Company, St. Louis, MO) was mixed as previ-
ously described.  
 
Procedure  
Pretreatment. Rats were assigned to one of two conditions. For 14 consecutive days rats in the 
chronic condition (n = 24) received a daily sc injection of 0.6 mg/kg nicotine in the colony. Rats 
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assigned to the acute condition (n = 26) received a daily sc injection of saline for 14 days.  
 
Familiarization. As in Experiment 1 there were two familiarization days. Rats in the acute con-
dition were divided into three groups. One group (n = 13) received a sc injection of nicotine (0.6 
mg/kg) 10 min before placement on the platform for 2 min. A second group (n = 7) received a sc 
saline injection 10 min before platform exposure (cf. Group Familiar of Experiment 1). The third 
group (n = 6) also received a saline injection but was never placed on the platform (cf. Group Un-
familiar of Experiment 1). Rats in the chronic condition were also divided into three similarly 
treated groups, with sample sizes of 11,6, and 7 (i.e., Groups Chronic, Familiar, and Unfamiliar, 
respectively). Approximately 2 h after placement on the platform, rats treated with nicotine before 
platform placement received a saline injection. The remaining rats received a 0.6 mg/kg injection 
of nicotine. This procedural detail controlled for exposure to nicotine before the drug-free test.  
Testing. The test for environmental familiarization was conducted 24 h after the end of the fa-
miliarization phase. All rats received an injection of saline 10 min before placement on the plat-
form for 2 min. The novel object was located on the opposite end of the platform.  
 
Results and Discussion  
 
Familiarization  
We first assessed whether controls in the acute and chronic conditions that were exposed to the 
platform after a saline injection differed statistically on any of the dependent measures. Familiar- 
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ized controls did not differ significantly on any measure, ps ≥ .4452. Thus, for subsequent analy-
ses and graphing we pooled these rats into one control group (Group Familiar). Figure 3A shows 
the median number of midline crosses for each group. The overall Kruskal-Wallis was significant, 
H(2) = 8.49,p = .0143. According to posthoc Mann-Whitney tests, however, Group Familiar was 
not statistically different from Groups Acute and Chronic. Figure 3B shows the median number of 
90° turns for each group. Groups did not differ in the number turns, H < 1. Figure 3C shows the  
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median seconds spent contacting the platform edge for each group. There was a significant effect 
of group, H(2) = 8.92, P = .0116. Pairwise contrasts revealed that Group Acute spent less time on 
the platform edge than Group Familiar, U = 31, P = .0066. Groups Familiar and Chronic were not 
statistically different.  
 
Testing  
As in the familiarization phase, control rats that were familiarized with the platform (acute and 
chronic) did not differ on any measure, ps ≥ .9452. These two groups were pooled for subsequent 
analyses and graphing (Group Familiar). We conducted a similar analysis between controls in the 
acute and chronic conditions that were exposed to the platform for the first time on the test day. 
The two unfamiliarized control groups did not differ significantly from each other on any measure, 
ps ≥ .2949, indicating that receiving 16 previous exposures to nicotine did not change the behav-
iors on the platform relative to a group only receiving nicotine twice. Thus, we also pooled these 
two controls for subsequent analyses and graphing (i.e., Group Unfamiliar).  
Figure 4A shows the median number of midline crosses for each group. The overall Kruskal-
Wallis was significant, H(3) = 9.26, p = .026. Pairwise contrasts revealed that Group Unfamiliar 
made fewer mid-line crosses than the other three groups, ps ≤ .0307. The number of turns, H(3) = 
6.12, p = .1057, and the time contacting the edge of the platform, H(3) = 4.06, p = .2554, did not 
vary significantly between groups (see Figs. 4B and 4C). Figure 4D shows the median seconds  
 
BEVINS, KOZNAROVA, AND ARMIGER 72
spent interacting with the novel object for each group. There was a significant effect of group, 
H(3) = 10.76, p = .0131. As in Experiment 1, rats familiar with the platform interacted with the 
object more than unfamiliar controls experiencing the platform for the first time, U = 23, p = 
.0018. Interestingly, rats treated chronically with nicotine before the familiarization phase also 
interacted more with the object than unfamiliar controls, U = 35, p = .0371. In contrast, acute 
treatment with nicotine interfered with environmental familiarization. Group Unfamiliar and 
Group Acute were not statistically different, U = 60.5, p = .2282.  
 
GENERAL DISCUSSION  
 
In two separate experiments we found that rats that had never experienced the platform (Group 
Unfamiliar) interacted less with a novel object than rats that had been exposed to an elevated plat-
form for 2 min on two separate occasions without the object (Group Familiar). This data pattern 
suggests that object interaction can serve as a sensitive measure of environmental familiarization 
(cf. Sheldon, 1969). Indeed, in Experiment 1 acute treatment during the familiarization phase with 
the 0.6 or the 1.8 mg/kg dose of nicotine interfered with processes required for familiarization. 
Object interaction at these two doses was comparable to that of the Unfamiliar control group. This 
effect on familiarization was not due to a nonspecific effect of nicotine exposure. A control group 
in Experiment 2 that received similar exposure to nicotine (0.6 mg/kg) after platform exposure did 
not display a decrease in object interaction on the test day like rats in the acute condition.  
Nicotine-induced interference with environmental familiarization was not the result of motor 
impairment during the familiarization phase. First, acute treatment with nicotine, regardless of 
dose, had no effect on turning. Second, the 0.6 mg/kg dose interfered with environmental famili-
arization, yet it had no effect on midline crosses in two separate experiments (cf. 1.8 mg/kg dose 
in Experiment 1). The remaining behavioral measure, time spent along the edge of the platform, 
was decreased by all doses of nicotine. If behaviors that occurred along the edge of the platform 
were required for familiarization, then rats treated with 0.2 mg/kg of nicotine should have shown a 
deficit in environmental familiarization. This did not occur. Rats treated with 0.2 mg/kg nicotine 
interacted more with the object than Unfamiliar controls.  
Interestingly, there was a dissociation between the acute and chronic effects of nicotine on envi-
ronmental familiarization. In Experiment 2 we again found that acute treatment with nicotine (0.6 
mg/kg) during initial platform placement interfered with familiarization. In contrast, if nicotine 
(0.6 mg/kg) was administered daily for 14 days before the environmental familiarization phase 
(chronic condition), then nicotine treatment 10 min before two separate placements on the elevated 
platform did not interfere with familiarization. That is, rats in the chronic nicotine condition, like 
those treated with saline during environmental familiarization, interacted more with the novel ob-
ject during the drug-free test than controls that had not been exposed to the platform before the 
test. One interesting possibility is that the present dissociation reflects a difference in state-
dependent learning (see Overton, 1964). That is, rats in the acute condition were familiar with the 
elevated platform. However, that familiarity was specific to the interoceptive drug state induced 
by early treatment with nicotine. Chronic nicotine treatment, in contrast, altered behavioral and/or 
neural processes such that this state dependency no longer occurred.  
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The present research is consistent with a growing literature suggesting that the behavioral and 
the biological effects of acute and chronic nicotine in part differ. For instance, acute treatment 
with nicotine can induce a decrease in locomotor activity relative to vehicle controls (Clarke & 
Kumar, 1983; Stolerman et al., 1973). Across repeated exposures, however, nicotine has a stimu-
lant effect (Ksir, 1994). Another behavioral dissociation between acute and chronic nicotine was 
found in Experiment 2. Rats treated acutely with nicotine spent significantly less time than saline 
controls with at least one paw on the edge of the platform during the familiarization phase. This 
decrease was not observed for chronically treated rats.  
Open and elevated environments (e.g., elevated plus maze) are used in animal models of anxi-
ety (King, 1999; Rodgers, 1997). Perhaps acute and chronic nicotine differentially interact with 
the anxiogenic/stress effects produced by exposure to the elevated platform. Indeed, acute treat-
ment with nicotine increases plasma levels of corticosterone in rats (Benwell & Balfour, 1979; 
Cam & Bassett, 1984). Summation of the platform-induced stress and the nicotine-induced corti-
costerone release may interfere with environmental familiarization. Indeed, corticosterone recep-
tors and nicotinic ACh receptors are colocalized in the hippocampus (Morimoto et al., 1996; Ta-
kahashi, 1996; Zarei et al., 1999). This brain structure is widely implicated in learning and mem-
ory (e.g., Kim & Levin, 1996; Levin & Simon, 1998; McNaughton & Morris, 1987; Ohno et al., 
1993). Rats treated chronically with nicotine before initial exposure to the platform would not 
show this "potentiated stress" effect because nicotine-induced increase in corticosterone shows 
tolerance after chronic administration (Benwell & Balfour, 1979; Cam & Bassett, 1984). Albeit 
speculative, this potentiated stress effect may also explain the edge avoidance that occurred at all 
doses of acute nicotine but was not observed following chronic nicotine.  
Alternatively, the difference between acute and chronic treatment with nicotine may reflect dif-
ferential desensitization/inactivation of different nicotinic ACh receptor subtypes or differential 
increase in the subtype expressed after chronic treatment (Dani & Heinemann, 1996). For exam-
ple, chronic nicotine treatment can lead to rapid desensitization and inactivation of nicotinic ACh 
receptors (Collins & Marks, 1996; Marks et al., 1993). Also, there is an increase in the number of 
nicotinic ACh receptors after chronic treatment with nicotine (Marks et al., 1992; Wonnacott, 
1990). The mesocorticolimbic dopamine system, via nicotinic ACh receptors located on the ven-
tral tegmental neurons, is also differentially affected by acute and chronic nicotine treatment (Dani 
& Heinemann, 1996; Nisell et al., 1994). Using in vivo voltammetry, Nisell et al. (1997) found 
that the initial intravenous infusion of nicotine increased dopamine levels in the shell and core of 
the nucleus accumbens. However, rats chronically treated with nicotine showed an increase only 
in the shell of the nucleus accumbens.  
The present report extends previous research on the behavioral effects of nicotine to a new 
situation. Initial treatment with nicotine during exposure to a discrete environment decreases fa-
miliarity with that environment as indexed by object interaction in a drug-free test. Chronic treat-
ment, in contrast, had no effect on environmental familiarization. As described previously, the 
effects of nicotine on learning and memory are dependent on the nature of the task. Nicotine may 
enhance, retard, or have no effect on learning and memory (Dunnett & Martel, 1990; Levin et. al., 
1997; Mirza & Stolerman, 1998; see Levin & Simon, 1998, for a review). Determining the condi-
tions under which nicotine alters performance may have important implications for the treatment  
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of some diseases. Increasingly, nicotine and related compounds have been examined as potential 
pharmacotherapy for behavioral and cognitive disorders such as Alzheimer's disease, Parkinson's 
disease, and attention deficit hyperactivity disorder (Conners et al., 1996; Lawrence & Sahakian, 
1998; Newhouse et al., 1997; White & Levin, 1999).  
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